In this study, contaminant degradation, priority performance, intermediates, and kinetics in catalytic oxidation of Acetyl-Pyrimidine wastewater by Fenton reagent were investigated.
INTRODUCTION
Acetyl-Pyrimidine (2-methyl-4-amino-5-acetylamidemethylPyrimidine, Pyrimidine for short) is used as an important intermediate for the synthesis of pharmaceutical such as Vitamin B 1 , which is a medicine used for the treatment of beriberi, dropsy and cardiopathy, etc. (Kerr 2007; Silver et al. 2007 ). In north China, at least 1,000 tons of Pyrimidine was produced per year. What is more, vast quantities of wastewaters containing Pyrimidine were generated during the manufacturing processes. Because of its toxic and recalcitrant nature (An 2008; Xie et al. 2008) , Pyrimidine makes pollution serious. It is, therefore, necessary to treat the Pyrimidine wastewater before discharging.
For this drug is produced mainly in China and some developing countries, so such studies were few to crawl out of other countries' wastewater treatment literatures.
In China, An (2008) has reported the removal of Pyrimidine using Potassium Permanganate Pretreatment-Denitration/ Bio-ferric Process. Xie et al. (2008) stated that it was effective by dynamic mixing aeration micro-electrolysis process. Wet oxidation technology shown as an effective method, Qian et al. (2007) observed that Pyrimidine can be easily removed by this process. Catalytic oxidation and resin adsorption process has been used to treat pyrimidine and get a good result (Yan et al. 2001; Cheng & Yun 2005) .
However, conventional biological wastewater treatment processes (e.g. activated sludge) are not effective in treating Pyrimidine water because of its biological toxicity (An 2008; Wang et al. 2008) . Thus, although some methods are effective, they deal with high costs and easily cause secondary pollution, or just transfer pollutants from the environment. These problems are the limiting factors in industrial wastewater treatment.
Fenton oxidation is the most common advanced oxidation process for the treatment of organic contaminants because of its simplicity and efficacy (Maletzky & Bauer 1998; Zoh & Michael 2002; Alexandra et al. 2005) . And Fenton's reagent has been applied for the treatment of several industrial pollutants and industrial effluents were quite abundant, and the effect of pH, Fe:H 2 O 2 molar ratio, temperature, etc. were investigated in many studies doi: 10.2166/wst.2010.491 (Chamarro et al. 2001; Ghaly et al. 2001; Lu et al. 2003; Oh et al. 2003; Ipek et al. 2006) . In this study, determining the potential to use the Fenton reaction to destroy Pyrimidine in aqueous solution; using a modified pseudo-first-order model in order to determine the kinetic constants; various factors that are important to maximize the oxidation were studied, including H 2 O 2 concentration, Fe 2 þ concentration, and temperature. Furthermore, the priority degradation and intermediate of Pyrimidine degradation were also investigated. The objective of this study is to develop an effective oxidation process for the degradation of Pyrimidine and investigate the priority degradation of Pyrimidine between some small organic molecule by Fenton process.
MATERIALS AND METHODS

Wastewater sources
The raw Pyrimidine wastewater quality and analysis methods (APHA 1992) are shown in Table 1 .
The main organic pollutants in this kind of wastewater was Pyrimidine, which structure was shown in Table 1 , and we can see the pollutant was heterocyclic nitrogencontaining compound, which is stable and asymmetric, and they can inhibit the biological treatment to some extent (An 2008 CH 3 N 10 to 500 mmol/l, Fe 2 þ 14 to 128 mmol/l, pH 1 to 10, temperature 25 to 608C according to our needs (Ghaly et al. 2001) . 100 ml wastewater sample was taken into a test tube, and one drop of enzyme catalase solution (0.327 mg/L COD) was added to each sample in order to decompose any residual H 2 O 2 which can be determined by a peroxide paper (Peyton 1990) .
Analytical methods
Coagulation test mixer (ZR4-6) was provided by Aishengte Shanghai Environmental Protection Technology Co., Ltd.
special; UV -Vis spectrophotometer (2550) 
RESULTS AND DISCUSSION
The effect of pH pH affect HO radicals production for Fenton reagent systems. Figure 1 shows the effect of the pH with H 2 O 2 100 mmol/l, Fe 2 þ 100 mmol/l. As expected, Pyrimidine and COD removal rates varied with the pH value, and the maximum Pyrimidine degradation and COD removal rates were 74.89 and 42.16% respectively at pH ¼ 3.5.
In addition, the irritating smell reduced significantly at this point. Ghaly et al. (2001) reported that at pH ¼ 3.0, the p-chlorophenol got a maximum degradation by Fenton process. For pH above 4.0 the degradation strongly decreases because at higher pH, iron precipitates as hydroxide and that reduces the transmission of the radiation (Faust & Hoigne 1990 
The effect of the amount of Fe 2 1
Iron in its ferrous form acts as catalyst and requires a working pH below 4.0 (Ghaly et al. 2001) . To obtain the optimal Fe 2 þ amounts, the investigation was carried out with various amounts of the iron salt. reacted with HO radicals as a scavenger (Wailling 1975) .
Apart from this, more iron salt improved the cost greatly and made the follow-up treatment more difficult as well.
Oxidation priority of pyrimidine by Fenton reagent
To assess whether there was oxidation priority of Pyrimidine by Fenton reagent, samples for the studies were In order to further examine the productions of this process system, infrared detection has been carried out, Figure 6 shows the IR of raw Pyrimidine and disposed
Pyrimidine by Fenton reagent respectively.
From Figure 6 we can see that the structure of Pyrimidine has greatly changed after Fenton process. Therefore, it can be seen that Pyrimidine was decomposed into simpler structures and smaller molecules, which were easily bio-degradable materials (Kao & Wu 2000) .
Both Marco et al. (1997) and Chamarro et al. (2001) reported that using a Fenton process can improve the bio-degradability of pollutants obviously. Then, activated sludge treatment system could be used for its economics. An Y.
reported B/C of Pyrimidine wastewater increased to 0.325 from 0.09 after Fenton process , Therefore, a semi-oxidation of Pyrimidine could be an attractive way,
for it made suitable conditions for biological treatment as the follow-up step.
Kinetics of pyrimidine degradation
A series of batch experiments was conducted to determine the temperature dependence of Pyrimidine oxidation by Fenton reagents (Zoh & Michael 2002) . Initial conditions were fixed at Pyrimidine 1,000 mg/L, H 2 O 2 300 mmol/l; Fe 2 þ 40 mmol/l; the pH was fixed at 3.5 and experiments were performed at temperatures 258C, 408C, 508C, 608C. which can be integrated between t ¼ 0 and t ¼ t, yielding:
In amore accurate way it should be necessary subtract, in this equation, to the numerator and denominator, the fraction of the initial Pyrimidine and/or initial products generated after the oxidation that are difficult to be further removed by the Fenton system. This fraction corresponds to organic matter not oxidizable under the test conditions after an "infinite" period (Pyrimidine 1 ), in this case 
